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Spatially resolved neutron diffraction as a function of crystal depth in Pb(Mg1/3Nb2/3)O3 reveals
the presence of a distinct near-surface region. A dramatic change in both the lattice constant and
the Bragg peak intensity as a function of crystal depth is observed to occur in this region over a
length scale ∼ 100 µm. This confirms a previous assertion, based on a comparison between high-
energy x-rays and neutrons, that such a near surface region exists in the relaxors. Consequences
to both single crystal and powder diffraction measurements and previous bulk neutron diffraction
measurements on large single crystals are discussed.
PACS numbers: 77.80.-e, 61.10.Nz, 77.84.Dy
The relaxor ferroelectrics, with the general for-
mula PbBO3, have generated much interest re-
cently due to their promising applications as piezo-
electric devices.1,2 Pb(Mg1/3Nb2/3)O3 (PMN) and
Pb(Zn1/3Nb2/3)O3 (PZN) are prototypical relaxor sys-
tems which display a diffuse transition with a broad
frequency dependent dielectric response. Despite much
work on these materials there is no consensus on the low-
temperature structure or ground state.
Recent x-ray diffraction measurements by Xu et al.,
using both 32 keV and 67 keV x-rays, found the low
temperature unit cell near the surface (probed by 32
keV) to be rhombohedral where the bulk (studied with
67 keV) was found to be cubic in shape.3,4 Later, a neu-
tron elastic scattering study on PZN found the Bragg
peaks broadened considerably below Tc both along the
transverse and longitudinal directions, but no sign of any
clear rhombohedral distortion was observed.5 The neu-
tron and x-ray results were reconciled by the assumption
of a near-surface region with a rhombohedral unit cell. A
similar explanation was used to reconcile apparently con-
tradictory results in PMN doped with 10% PbTiO3.
6 In
this material, low-energy x-rays have been used to mea-
sure a rhombohedral unit cell while neutron diffraction
results have pointed to a bulk cubic unit cell. However,
radial scans through the (1,1,1) Bragg peak, using neu-
tron diffraction, found evidence for, at least, a segment
of the sample having a rhombohedral unit cell. A rhom-
bohedral skin was, again, postulated based on a compari-
son of neutron and x-ray data. Since neutrons are highly
penetrating, such a near surface region must be much
larger than several unit cells for there to be any effect
in a neutron diffraction experiment. Such a near-surface
layer would also be expected to induce a large strain on
the crystal.
The importance of a near surface layer with a different
unit cell shape than the bulk is highlighted by powder
FIG. 1: Schematic of the experiment used to measure spa-
tially resolved strain with neutrons. The mosaic of the Ger-
maniummonochromator was ∼ 15 ′, and a single channel from
the monochromator to incident slit defined a collimation of ∼
30′. A single slit was used on the scattered side. The slits on
both the incident and scattered sides were 300 µm wide and
5 mm high.
diffraction work. X-ray and neutron powder diffraction
studies of the low-temperature structure of both PMN
and PZN have used a two-phase model to describe the
intensity profiles.9,10 One phase was found to be, on aver-
age, cubic while the second phase was rhombohedral. An
important question concerns whether or not the rhombo-
hedral and cubic phases can be separated into a bulk and
near-surface region as postulated to describe the neutron
and x-ray single crystal data. The near-surface region
299 99.5 100
0
1000
2000
3000
4000
5000
99 99.5 100
2.017
2.018
2.019
2.02
T=300 K              
Q=(2, 0, 0)          
Slit width=300 µ m 
Outside of
 Crystal
Pb(Mg1/3Nb2/3)O3 
Translation x (mm)
In
te
ns
ity
 (C
ou
nts
/ 4
0 s
ec
)
 
d 
(Å
)
FIG. 2: The upper panel plots the (2, 0, 0) Bragg peak
intensity as a function of translation. The lower panel displays
the lattice constant (and hence the strain) as a function of
distance into the sample. A large ∼ 100 µm surface layer is
observed based on a large variation of the lattice constant.
The vertical dashed line indicates the position of the sample
surface.
may play an important role in the thermal expansion
properties of relaxors. This has been noted in a recent
x-ray experiment on unpoled PZN which measured the
bulk (probed by 67 keV x-rays) to have comparably lit-
tle thermal expansion with respect to the surface region
(studied with 10 keV).7 Given the many unusual struc-
tural properties of the relaxors, it is clearly important
to determine if there exists a macroscopic variation in
structural properties.
To reconcile previous neutron and x-ray measurements
it is very important to establish the existence of a sur-
face layer with one technique (or instrument) to avoid
systematic errors. To study the possibility of such a near-
surface region in relaxors we have investigated the strain
as a function of crystal depth using a diffraction tech-
nique commonly applied to study spatially resolved strain
in industrial materials. The lattice constant and Bragg
intensity is observed to vary strongly with penetration
depth, which is suggestive of a significant near-surface
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FIG. 3: Radial θ− 2θ scans through the (2, 0, 0) Bragg peak
for various translation values. The decrease in intensity is due
to extinction and a noticeable shift in the 2θ position is clearly
seen. The dashed lines are fits to a Gaussian lineshape.
region. A large extinction effect is also observed which
suggests the near-surface regions makes a significant con-
tribution to the total scattering in single crystal neutron
experiments.
Neutron diffraction measurements were conducted on
the L3 double-axis spectrometer located in the NRU re-
actor at Chalk River Laboratories. A Germanium (113)
crystal was used to produce a monochromatic incident
beam with energy set to Ei=14.5 meV. Higher-order neu-
trons were removed by placing a Pyrolytic Graphite filter
in the incident beam. The horizontal collimations were
set to 60′-30′-S -30′. The sample consisted of a 9.3 cc
crystal of PMN, grown by the modified Bridgeman tech-
nique previously described.11,12 The lattice parameter in
the bulk was measured to be ∼ 4.04 A˚. A large [100] cut
surface was used to define the surface of the sample from
which the (200) Bragg peak was studied in reflection ge-
ometry. The PMN sample used for these experiments is
the same crystal used in a recent phonon study.13
Figure 1 schematically illustrates the technique used
to study the strain as a function of depth. The incident
and diffracted beams, defined by masks made of absorb-
ing Cadmium, intersect in a small region of the sample
denoted as the gauge volume. The scattering geometry
is analogous to the reflection technique commonly used
in low-energy x-ray measurements. In this experiment
the incident and scattered slits were 0.3 mm wide and
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FIG. 4: The upper panel plots the Germanium (2, 2, 0) Bragg
peak intensity as a function of translation. The lower panel
displays the lattice constant (and hence the strain) as a func-
tion of distance into the sample. Unlike PMN, no significant
strain is measured in the near-surface region. The vertical
dashed line indicates the position of the sample surface.
5 mm tall. The sample was positioned and aligned to a
precision of ∼ 0.05 mm. For our experiments, we have
defined the translation axis to be along the [100] direc-
tion. All measurements described here were conducted
at room temperature. This technique is very similar to
that previously used to investigate the second length-
scale phenomena in Tb and SrTiO3.
14,15,16,17
There are several well characterized systematic effects
that complicate near-surface strain scanning. These have
been described in detail elsewhere (Refs. 18 and 19) and
only result in strong systematic errors when the gauge
volume is only partially submerged in the sample. In the
results presented here, we have ignored all data where the
gauge volume is not completely immersed in the sample.
To further test for any near-surface experimental artifacts
we have measured the strain near the surface in a perfect
Germanium crystal using the (220) reflection. The d-
spacings for Germanium (220) is nearly identical to that
of PMN (200) and therefore allows a direct test by keep-
ing all the spectrometer angles the same (and hence the
resolution function) while only changing the sample. As
noted later, this test resulted in no near-surface anoma-
lies therefore ruling out instrument effects.
To determine the exact location of the surface, trans-
lation scans were conducted at the (200) Bragg position.
The upper panel of Fig. 2 plots the intensity as a func-
tion of translation distance. The intensity as a function of
depth cannot be described by a linear attenuation alone
and therefore is strongly suggestive that primary extinc-
tion is the reason for the large (factor of 10) attenuation
in the scattering intensity. We note that a similar at-
tenuation was observed in single crystals of Tb (as well
as Germanium measured in this work) in a similar ex-
periment and therefore such an effect is not unusual for
single crystals.14
The precise surface position was taken to be the point
of maximum intensity in this translation scan. It is at
this point that the gauge volume is entirely immersed in
the sample while the effects of extinction are minimized.
On translation of the gauge volume into the sample, the
intensity will be attenuated by the effects of extinction.
Rocking scans near the surface and in the bulk of the
sample show identical rocking widths of 0.185 ± 0.007◦.
This indicates that any change in intensity or lattice con-
stant is not likely the result of a variation of mosaic or
the presence of another crystal domain near the surface.
The lattice constant (and hence the strain) as a func-
tion of penetration depth is displayed in Fig. 2. The lat-
tice constant was extracted based on θ−2θ scans through
the (2, 0, 0) Bragg peak position. Samples of these scans
for three different translation positions are displayed in
Fig. 3. A large strain over a distance of ∼ 300 µm is ob-
served. Data for translation values outside of the crystal
are unreliable due to the fact that the beam is not en-
tirely immersed in the sample. The fact that the width
of the peak in the strain is close to the slit width used
in the experiment indicates that peak width is limited
by our resolution defined by the slit width. Neverthe-
less, our result does suggest that the near-surface region
is significant and of the order 100 µm in size and is not
an effect of surface roughening over several unit cells.
Fig. 4 plots the same measurement conducted with
a perfect Germanium crystal using the (220) reflection.
Since the d-spacing for Germanium (220) is nearly iden-
tical to PMN (200), this provides a direct test to en-
sure that observed effect is not due to instrumental ef-
fects. The Germanium data does not show any evidence
of the lattice constant anomaly observed in PMN when
the gauge volume is immersed in the sample. Therefore,
instrumental effects can be ruled out for the cause of the
surface layer observed in PMN.
The presence of a significant skin also suggests that
the two phases extracted from powder diffraction mea-
surements may be the result of skin and bulk phases.
Our results suggest that the measured structural prop-
erties depend on the geometry and size of the sample,
analogous to the case in SrTiO3.
20
The significant strain in the near-surface region may
also reconcile apparent discrepancies between x-ray and
4neutron diffraction measurements of single crystal PZN
and PMN. Despite the fact that high-energy x-ray
measurements found resolution limited peaks at low-
temperatures, neutron diffraction found the Bragg peaks
to be broad both along the transverse and radial direc-
tions. The presence of a significant strain in a large sur-
face layer may be the origin for the radial broadening
observed in neutrons which sample the entire specimen
volume.
In conclusion, we have used a spatially resolved strain
scanning technique to show the existence of a significant
near-surface region in the relaxor PMN. Its presence val-
idates previous x-ray diffraction results which postulated
such a region based on penetration depth arguments.
Our result also suggests that the two-phase models found
to describe powder data may be separated into a surface
and bulk component. Even though our results clearly
show the presence of a strong surface component, its role
in the relaxor transition is not clear. Further measure-
ments are currently being conducted to study the depen-
dence of the strain on PbTiO3 doping as well as temper-
ature.
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